Fewer genes than organelles: extremely low and variable gene copy numbers in mitochondria of somatic plant cells.
Plant mitochondrial genomes are split into sub-genomes, i.e. genes are distributed across various sub-genomic molecules. To investigate whether copy numbers vary between individual mitochondrial genes, we used quantitative real-time PCR in combination with flow cytometric determination of nuclear DNA quantities to determine absolute per-cell-copy numbers of four mitochondrial genes in various Arabidopsis organs and the leaves of tobacco (Nicotiana tabacum) and barley (Hordeum vulgare). The copy numbers of the investigated mitochondrial genes (atp1, rps4, nad6 and cox1) not only differed from each other, but also varied between organs and changed during the development of cotyledons and leaves in Arabidopsis. We found no correlation between altered gene copy numbers, transcript levels and O(2) consumption. However, per cell, both the number of mitochondria and the number of gene copies increased with growing cell size. Gene copy numbers varied from approximately 40 (cox1 in young leaves) to approximately 280 (atp1 in mature leaves), and the mean number of mitochondria was approximately 300 in young leaves and 450 in mature leaves. Thus, cells are polyploid with respect to their mitochondrial genomes, but individual mitochondria may contain only part of the genome or even no DNA at all. Our data supports structural models of the mitochondrial genome in non-dividing cells of angiosperms that predict localization of the genes on sub-genomic molecules rather than master chromosomes. The data indicate control of the number of individual genes according to the genotype and developmental program(s) via amplification and/or degradation of sub-genomic molecules.